Europaisches 
Patentamt 



European 
Patent Office 



Office europten 
des brevets 




Beschei n ig u ng Certificate Attestati o n 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingerelchten 
Fassung der auf dem n3ch- 
sten Blatt bezeichneten 
europdischen Patentanmel- 
dung Oberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fix6s d 
cette attestation sont 
conformes a ia version 
initialement d^pos^e de 
la demande de brevet 
europ6en sp6cifi6e k la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n"" 

03103597.5 



Der Prasident des Eurcpaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de {'Office europ^n des brevets 
p.o. 



R C van Dijk 

PRIORITY 
- DOCUMENT 

suBMrrreD oRTRy^sMnrro m 

COMPLIANCE WITH RULE H-Ka) OR (b) 



1014.1 • 02.2000 7001014 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anineldung Nr: 
Application no.: 
Demande no: 



03103597.5 



Anmeldetag: 
Date of filing: 
Date de d€p5t: 



29 . 09 . 03 



Anmel der/Appl 1cant( s)/Demandeur( s) : 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezelchnung der Erfl ndung/TI t1 e of the Inventlon/Tltre de ^Invention: • - 
C^ns die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n»est indlqu^ se referer a la description.) 

Label-free detection of biomolecules 

In Anspruch genommene Prlorlat(en) / Priori ty(les) claimed /Pr1or1t6(s) 
S^J?Tag/Ak2nze1chen/State/^^ no./Pays/Date/Num6ro de d6p6t: 



Internationale Patentklasslflkati on/International Patent Classification/ 
Classification Internationale des brevets; 

GO IN/ 



Am Anmeldetag benannte Ver tragstaaten/Con tract Ing states designated at date of 
flllng/Etats contractants dfislgnfies lors du d^pdt: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT RO SE SI SK TR LI 



7001014 



2 



-PHNI:X)31199EPP 

1 29.09.2003 

Label-fi:ee detection of biomolecules 



Hie pr^ent inveiiti<m relates to amethod and devices for the label firo 
detection of biomolecules or other analytes utilizfaig Ihe change in dielectric properties at a 
sur&ce i3pon association of a biomolecole with tiiat sur&ce. 



5 

Detection of biomolecules is nectary in many applications such as medical 
diagnostics and monitoring of mvironmental and food safely. Conmionly, biosensors 
comprise a sur&ce on which target-spedfic tecognition molecules are immobilized. This 
sur&ce is brought into contact with a sample comprising one or more analytes of int^iest, 

10 which aie allowed to bind and thus also become immobilized. These binding events then 
have to be translated into a measurable signal. To be able to detect biomolecules in a 
sensitive and specific manner, development steps and labels are usually ^plied. An example 
of development steps is the use of secondary, tertiary or even more antibodies, of which the 
first one binds the irmnobilized target and the last one carries a label. For other assays, such 

15 as DNA-microarrays, the targets are ofbsa first labeled before they are allowed to bind the 
recognition layer. Here, the labels used most are luminophores, but oQier exan^les of labels 
are radioactive isotopes and enzymes that can convert a substrate into a product that can be 

detected optic^y or electrically. . . _ ... _ 

In US 5,1 14,674 a C£Q)acitive affinity sensor is described. Jn a first 

20 embodiment, tiie sensor 10, which is illustrated in Fig. 1, coniprises two electrodes 12, 14, 
which have opposite polarities, are positioned onto a base layer 16 and are insulated by a 
passivating layer 20. Receptors 22 extend firom the passivating layer 20 and form a 
biochemically active layer. Each receptor 22 of this layer is a potential biQding site for a 
molecule of a specific analyte 24. Large molecules 26 bind to the analyte 24 to form large 

25 molecular chains tiiatbind to the receptor 22 as an added array in an electric field 30 between 
the electrodes 12, 14. Tliese large molecular chains have low dielectric constants and displace 
a great amount of hi#i dielectric constant solvent 28 fix>m the electric field 30. The large 
molecular chains bind as an array that greatiy increases the tiuclmess of the dielectric 
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material in the C£q[iaci1ive affinity sensw 10 and greatly changes fhe dielectric properties of 
fhat sensor 10. . 

In a second embodiment of liie invention of US 5,1 14,674 a capacitive afBnity 
sensor using direct binding is described. The sensor, according to Ifais second embodiment, is 
S illustrated in Fig. 2. A s^isor sur&ce 34 comprises a base layer 16 and a passivating layer 20 
as described in the first embodiment in shown in Fig. 1. A viral fragment 36, which is an 
example of the receptor molecule 22 of the fiist embodiment; extends from the sensor surfece 
34 in a biochemical active layer. The analyte in fhe solvent 28 is a human, anti- viral antibocfy 
3 8 . This human anti-viral antibody 3 8 is bio-spedfic to the viral fragment 3 6 to bind to fliat 

10 fiagment 36. An anti-human antibody 40 and a bound protein molecule 46 are added to the 
solvoit 28. The bound protein molecule 46 is bound to the anti-human anti-boify 40 be&ie 
botih aie added to the solvent 28. A number of anti-human antibodies 40 bind to each human 
anti-viral antibody 38, forming an army of large molecular chains. The molecular chains are 
very large, have low dielectric constants, and, therefor, displace a great amount of the solvent 

IS 28 which has a high dielectric constant Tlie dielectric properties of the sensor vary greatly 
wifli the concentration of the antiviral antibody 38 in the solvent 28. 

In both embodiments, Ihe moving low dielectric constant analyte molecule 
displaces higher dielectric constant solvent molecules fi*om a biochemically active layer 
between the two electrodes, hereby redudng the capacitance between the two electrodes. The 

20 capacitance between the two electrodes is inversely proportional to the concentration of the 
analyte being measured by a sensor according to the invention of US 5,1 14,674. 

A disadvantage of the device of the above invention is that the analytes in the 
SQlvent. reqiiirej^elling and hience^multi^le d^ steps.. The. use i>f development 

steps and labels results in lon^ and more complex assays, increased use of e3q>ensive 

25 biomolecules and labels and more complicated and esq^ensive assay devices. For &st and 
cost-efEective measurCTients, the ideal assay is label-fiee. However, label-fiee assays hardly 
exist, because they usually lack the required sensitivity and spedfidly. 

Also, the labeling of targets prior to their intraaction with the recognition 
sur&ce can cause changes in the target molecules, which may effect Iheir efScacy, may 

30 change their concentration and/or hani^er their accurate det^^tion^ for example when labeling 
varies fiom molecule to molecule or from measurement to measurement 

Furthermore, when multq)le analytes are detected in one volume, the higher 
assay con^lexily caused by multiple development and labeling steps quickly leads to 
increased cross-reactivity and other background problems. Using a label-free assay would 
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5 It is an object of the present invention to provide a method and a device for the 

detection of one or more biomolecules, con5>lexes of molecules or other analytes, which does 

not require Ihe application of labels. 

The above objective is acconq)lishedby a method and device according to the 

present invention. 

10 Ihe method provides a device for label-ftee detection of an analyte in a 

sample liquid. Hie device conqirises at least two conductive surfeces between which an 
electric field can be ^Ued, at least one of flie conductive surfeces conqmses hnmobilized 
target-specific afSnily probes. Hie electric field is developed so as to be influenced by 
molecules which attach themselves to the immobilized targpt-spedfic aEBnity probes. 

1 5 Furthermore, the device comprises a means for providing an electrical field wifli a ftequency 
between lO'^ and 10^ Hz between the two conductive surfeces. Hie frequencies used for 
detection are chosen so as to detect interactions at the surfece or m tiie dielectric mterfece^ 
fonned at the surfece. To enhance surfece sensitivily, preferably, fisquencies between 10^ 

and 10^ Hz may be used. 
20 Furthemiore, the device may comprise a measuring means for measuring 

aiDplitude and/or phase of a first alternating current flowing between a first conductive 



^ immobilized target-specific afiBnity probes and a second conductive surfece 

^dim^ormaynotcoinpriseihe.sameteiget-gpecifi^ 

conductive surfece. Alternatively, an impedance measurement can be made. 
25 Tte device of tiie present invention may fiirthermore comprise a comparator 

for conq»aring anq?Htude and i*ase of tiie first ahernatmg current 

of a reference signal ' 

In a specific embodiment of tiie present invention, tiie device may conqirise a 
first and a second conductive surfece. Hie first conductive surfece may conqirise 
30 immobilized target-specific affinity probes on or at at least one side. Hie first and second 
conductive surfeces may be positioned substantiaUy parallel to each oflier. die or a side 
immobilized witii target-specific probes feeing tiie second conductive surfece. 

In yet anoflier embodiment, at least part of at least one conductive surfece may 
inteidigitate wifli at least part of at least one otiier c onductive surfece. 
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The analyte which may be detemiined using flie method and device of ihe 
present invention may for example be apeptide, protein, antibocfy or a fiagment thereof 
enayme, polynucleotide. oHgonucleotide. carbohydrate, l^id. metaboHte. cofector, honnone 
cytolane.cen.microorganism.virus.bacteria,algae.pro1ozoa, drug.p^ 
fungicide, toxin, vitamin, polysacchraide, a glycosilated site or argr oflier small molecule or a 
combination of the aforementioned, for exaniple a peptide conqaisiiig one or more 
carbohydrate groins or an enzyme with a bound cofector. 

The san^le Hquid whicsh may be used in the invention may for example be an 
analytical solution, a bodily fluid such as blood, plasma, semm, urine, saliva, lung fluid or 
cerebroq^mal fluid, a ceU extract, waste water, any fluid m industrial processing, milk, 
drinking water, surfece water or any other food product or solution thereof 

The taiget-specific afiBnity probe that may be used in the present invention 
may for example be a peptide, protein, antibo(fy or a ftagment thereof, enzyme, 
polynucleotide, oHgonucleotide, ^tamer. carbohydrate, oligosaccharide. lq»id.'metebolite 
cofector. hormone, cytokine, cell, microorganism, virus, drug, pesticide, herbicide, fongidde. 
toxm. vitamin or any other smaU molecule or a polymer having specific binding properties or 
a combination of the aforementioned, for example apeptide con^g one or more 
carbohydrate groins, an enzyme with a bound cofector or a muMmeric protein. 

Furthermore, the present invention provides a mefliod for label-fiee detection 
of an anatyte in a san^le Kquid Tlie method comprises e^sir^ at least one conduc^^ 
J^fecetoa. s^ allow association between the analyte in the sample liquid and at 
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leastoneterget-^caffinityprobeonoratatl^i?^;:^^;^^^^ 
of ^S^ of at least one conductiv^ surfece during any of fl^^ 
field is appUed between a first conductive surfece with at least one immobilized target- 
specific afiBnity probe and a second conductive surfece which may or may not con^e the 

same immobilized target-spedfic affinity probe, foUowed by measuring an d^ 
ofa resulting first altematmg current such as an^Utude and phase. The fiequency of the 

appHed field is between 10'^ and 10« Hz. Preferably, the frequency ofthe^^^Ked field m^ 
be between 1 0- and 1 0^ Hz. in a next step the electrical property. e.g. ampH^ 
ofthe first alternating current is compared with an electrical property, e.g.anq,lft^ ' 
phase, ofa reference signal, feus g^erating a comparison result Fkmu the comparison result 
It IS feen determined whefeer an analyte has associated wife at least one of fee target-specific 
affinity probes. 
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• In <me embodiment of Ae present invention, the Inference sig^ 
calibration signal independently obtained at a conductive substrate similar to tiie at least one 
conductive surfece tiiat comprises immobilized target-specific affinity probes witiiout 

incubation of an analyte. 

In anoflier embodiment, tiie method may fijrthetmore comprise an assaying 
step of at least one conductive surfece at which at least one target-specific affinity probe is 
immobilizedbefore ejq)Osing to tiie liquid sanq>le, which results in asecond alternating 
current This assayhig Step may conq?rise flie same stq?s as tiie assaying step afler e^ 

to tiie Hquid sample. Jn tiiis embodhnent, tiie second altemating current may be tiie reference 
10 signaL 

111 still anoflier embodiment flie reference signal may be a set of measurements 

or fi«quency spectra. 

The mefliod of tiie present mvention may furfliermore conqnise removing tiie 

sample liquid. 

The metiiod may further con?»rise rimsmg tiie conductive surfece wifli a 
washing solution to remove material fliat is non-specifically bound to an immobilized target- 

q;)ecific affiiuly probe. 

In anotiier embodiment, tiie mefliod may furfliermore comprise flie step of 
rinsmg tiie conductive surfece to replace tiie san?)le liquid or tiie washing solution wifli a 

20 measurement solution. 

In one embodhnent of tiie present mvention flie step of applying an electrical 
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field between flie conductive surfece wifli at least one immobilized target-specific affinity 

probe and a.seoond conductive sjirfeoe 5«*iph may.or may not comprise tiie same 

" hnmobilizedlaiget-qwcificaffinityprobe and tiie step ofmeasuringam^^ 
25 first altemating current are repeated while varying tiie ftequency of tiie altemating electrical 
field in order to obtain a dielectric spectrum. 

The mefliod may fiirihermore compose a step of varying temperature and/or 

composition of the washing or measurement solution. 

These and oflier characteristics, features and advantages of tiie present 
30 inventionwinbecome^aientftomtiiefonowingdetaileddescription,takenmconj^ 

witii flie accon?)anying drawmgs, which illustrate, by way of exan5)le, tiie princq>les of tiie 
mvention. This description is givenfor tiie sake of example only, witiiout timitingflie scope 
of flie invention. The refference figures quoted below refer to flie attached drawings. 
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inventum. 

5 



Fig. 1 and 2 show a c^thre affinity seMOTaccMding to liie^^ 

Kg. 3 and 4 show a sensor device accoiding to an embodiment of fte present 



Hg. 5 - 13 show measurement curves according to a specific exanq>le of the 
prraent invention. 

fa the different figures, the same reference figures refer to the same or 
analogous ekonents. 
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The present invention will be described with respect to particular 
embodhnents and with reference to certain drawings but the invention is not limited thereto 

but only bythe claims. The drawmgsdescn^ed are only schematic and atenon-M In 
tiie drawings, the size of some of the elements may be exaggerated and not drawn on scale 
for mustrative purposes. Where ^ term "comprishig" is used m the preseirt description and 
cW, it does not exclude otiier elements or steps. Where an indefinite or definite article is 
used i^en referring to a smgular noun e.g. "a" or "an", ••flie", tiiis mdudes a plural of tiwt 
noun unless somethmg else is specifically stated. 

Furthermore, the terms first, second, flnrd and tiie like in flie description a^ 
tiie claims, are used fi«-distinguishmg between shnilar elements and not necessarily for 
^^^b^aseij^^tial^^ It to be understood timt tiie terms so used 

are mterchangeable under q>propriate drcumrtances and fliat the embodiments of ft^ 



invention desgribfid.herein.are„c^le of op^on in oflier seguences tto described or 
illustcated herein. 

The present invention provides a method and a sensor device fi*r flie label-fiee 
detection of biomolecules or oflier analytes in a solvent utiUzing flie change m dielectric 
properties at a conductive surfece iq,on association of fl« biomolecule or analyte wifli flmt 
surfece or with an insulating layer on that surfece. 

The device 50 of tiie present mvention m^ comprise at least two conductive 

surfeces 51a and 51b between which an electrical field can be ^Ked, at least one of tiie 
surfeces 51a and 51b having hmnobilized target-specific afiBnily probes 52 attached thereto 
or attached to an msulating layer on tire at least one surfece, and conductive comiectors 53a, 
53b tiiat allow fi,r tiie comiection to anoflier device 54, eiflier separate from or integrated in 
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the sensor device 50 of flie present invention, ^ generates tiie ^Ucation of Ae eledrical 
field and measures Hie anq)Htude and/or phase of the resulting current 

In Fig. 3 a device 50, according to one embodiment of Uie present invention is 
illustrated. Hie device may conqmse two conductive surfeces 51a, 51b. The conductive 
sur&ces 51a, 51b may for exaiiq)le conq>rise ametal (e.g. copper, gold, silver, platinum) a 
conductive metal oxide (e.g. indium tin oxide, indium zinc oxide) or a conductive polymer 
(e.g. polyaniline,polypyrK)le, or poly(efliylenedioxofldophene)/ polystyrene sulfonic acid 
blends). The conductive surfeces 51a, 51b may be massive, made of one conductive material, 
or may be a layer on a substrate, tiie substtate preferably being an insulator. When tiie 
conductive surfeces 51a, 51b are comprised of a conductive layer onto a substrate of a 
dififerent material, flie surfece of tiie conductive layer mjQT be at tiie same height as tiie 

surfece of tiie substrate or alternatively it may be elevated or recessed in comparison vfiQx flie 
surfece of tiie substrate. The conductive surfeces 51a, 51b nw have any useM sh^ and/or 
size and may be arranged in any useful configuration. Shapes may be any suitable sh^ sach 
as a circle, a polygon, a triangle, a rectangle and a strip, tiie strip bemg eiflier stxaig^ or 
comprising bends or comers, or two or more of tiiese sh^es linked togetiier. fi*r exaniple in 
tiie sh^e of an interdigitated stmcture. The size of tiie conductive surfeces 51a. 51b may be 
aiQ^ between 2 cm in diameter or lengtii or width and 1 nm in diameter or lengtii or 

widflL The conductive surfeces may be flat or con^e recessed or elevated regions. 

At least one of tiie conductive surfeces 51a, 51b may have immobilized target- 
specific affinity pr obes 52. In tiiis embodiment of ^emv^ n only conductor surfece 51a is 
^S^W^wifli target-specific affinity probes 5Z In flie fiirflier description of tiiis 

. embodiment tiie conductive surfece immoWlis^ 

be denoted as conductive surfece 51a, tiie oflier conductive surfece will be denoted as 

conductive surfece 51b. Preferably, tiie tergpt-specdfic affinity probe 52 may be any suitable 
probe, such as a peptide, a protem. an antibody or a fiagment fliereofe an enzyme, a 
polynucleotide, a oUgonucleotide. an ^temer, a carbolqrdrate, an oligosaccharide, a lq?id, a 
metabolite, a cofector, a hormone, a cytokine, a cell, a miraoorganism, a vkus, a drug, a 
pesticide, a herbicide, a fengicide, a toxin, a vitamin or any otiier small molecule or a 
) combination of tiie aforementioned, for example apeptide comprising one or more 
carbohydrate groiq>s, an enzyme wifli abound cofector or amultimeric protem. Most 
preferably, tiie terget-specific affinity probe 52 may be an antibody or a fiagment tiiereo^ an 
aptamer, an oligosaccharide or an ol 
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The taiget-spedfic a£Bmfy probe 52 may be deposited onto Hie Conductive 
suxfece 51a by for exan^le flow, diopping. spotting, contacting or by aiq. other suitable 
deposition trchniquer 

Immobilization of the taiget-specific afiBnity probes 52 onto the conductive 
sur&ce 51a m^ be achieved in difEerent w^. 

In one embodiment me conductive sor&ce 51a may be modified before 
immobilization of tiie taiget-specific afBnify probes 52. Possible modifications may include 
the conferring of active groups to tiie conductive surfece 51a such as carboxyKc groups 
amme groups and the Uke and/or the activation of these groups such as the fonnation of a 
sucammicfyl ester. For many purposes, the conductive surfitce 51a may be modified vwfl» 
altjrl chams or modifications tiiereof The alkyl chains may conq,rise active groups which 
m^ be activated and used for the binding of oflier alkyl chains or modifications Aereo^ fi„ 
the bmding of affinity probes 52 or for tixe binding of molecules or complexes of molecules 
that can be used for the immobihzation of affinity probes 52. The conductive surfece m^ be 
15 coated wifli a selforganising monolayer or SAM. 

m anoflier embodhnenl; the target-specific affinity probes 52 may be modified 
to comprise one or more active groups that may be used for fteir hmnobili^on, such as for 
exan^le, but not hmited to, carboxylic add g^ups, amme gtoi^s. hydroxyl groups, epoxy 
groups, isocyanates, (melh)aciylates, thiols, sulfides, biotin, affinity peptides, 
oligosaccharides, oligonucleotides or polynucleotides and activated esters such as 
succinimidyl esters. 



20 



25 



Target-specific affimty probes 52 m^ adsorb or bmd to th^^^^dli^ 

surfece 51a direcfly.an examplcof bindmg being theassod^pn of affini^.i»^bes 52 
comprismg a fluol groiq) with a gold, silver or platinum surfece. 

Alternatively, affinitypiobes 52 may bind toactive or activated groups that 
have been conferred to the conductive surfece 5 1 a. An active or activated groiq, is com>ected 
witi, the conductive surfece 51a via chemical bonds. The nmriber of chemical bonds may be 
between one and one hundred tiiousand and m^ be argr number in-between. When more ti«n 
one chemical bond is present between conductive surfece 5 1 a and the adive or adivated 
gioi^ used for hmnobilizatioii of fee affinity probe 52. one can speak of a linker. Lmker 
molecules may have any con^sition. Ftequenfly used molecules may be aDcyl durins and 
modifications thereof efliylen^ycol diains and hydrogels. 

Anotiier mode of hmnobilization of an affinity probe 52 is via association with 
or more molecules or molecule complexes feat spedfically bind the affinitvnrobe 52 «„H 
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that have aheady been immobilized to the conductive suc&ce la. Non-limiting exanq;»les are 
the association of a biotinylated peptide witii surfece immobilized stieptavidin, tiie 
association of an antibo^ with anoliier antibody that is immobilized and is an anti- 
immunoglobulin and flie association of an oligonucleotide with a second oligonucleotide tiwt 
5 has been immobilized, part of the first oUgonucleotide bemg complementary to at least part 
of tiie second oligonucleotide. 

The configuration of the two conductive surfeces 51a, 51b may be 
substantially in paraUel, the side 51a witii immobilized afSnily probes 52 feeing tiie other 
conductive surfece 51b. AUematively, tiie two surfeces 51a, 51b may not be completely in 
10 paiandwitii regard to each oflier, but be placed at any angle between© and 180 degrees. 
Parts of one conductive surfece 51a, 51b may intenJigitate wifli parts of tiie oflier conductive 
surfece 51a, 51b. The spacing between tiie two conductive surfeces 51a, 51b may vary 
' betw^n 1 nanometer and 1 cwtimeter. 

After immolnlizhig the target-specific afBnity probe 52 onto the conductive 
15 surfece la an optional step of assaying the conductive surfece 51a may be perfiwmed before 
tiie device 50 is ejcposed to a sample liquid 55 comprising an analyte 56 usiiich has to be 
analysed. Then, tiie conductive surfaces 51a, 51b are exposed to flie sample Hquid 55 to allow 
association between a possibly present analyte 56 and the affinity probe 52 (see Fig. 4). 

Preferably, the sanq>le liquid 55 may be an analytical solution, a bodily fluid 
20 such as blood, plasma, serum, urine, saliva, lung fluid or cerebrospinal fluid, a cell extract, 
waste water, any fluid m industrial processing, milk; dunking water, sur fece wa ter or any 
other fbod product or solution thereof 

. Preferably, the.amdyte 56 may be a pqptid^ja protein 
fragment tiieieoi^ an enzyme, a polynucleotide, an oligonucleotide, a carbohydrate, a Iqrid, a 
25 metabidite, a cofector, a hormone, a cytokine, a cdl,oiganelles of a cell, cell lysales, cell 
membrane, amicro-oiganism, a virus, bacteria, proto»>a, alg^ a dru& apestidde, a 
herbicide, a fungicide, a toxin, a vitamin or any oflier smaU molecule or a cranbination of the 
aforementioned, for example a peptide conqirismg one or more carbohydrate groiqe or an 
enzyme wifli a bound cofector. More preferably, flie analyte 56 may be a protein or a 

30 polynucleotide. 

In a next step, the sample liquid 55 may optionally be removed, followed by 
an optional rinsing step of flie surfece 51a witii a washing solution to remove non-specifically 
bound material. Washmg solutions may for example conqirise different salts at different 
concentrations, sugars .detergents like e.g. Tween or anyfliing else to remove non-specific 
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binding. If used during measurement the washing solution may also comprise additional 

componente or optimized concentrations that m^ enhance flie signal during measutemeut 
and/or it may conq»rise compounds that can easily be seen in Ihe dielectric spectrum 
(preferably at higiher fiequendes) and can be used for characterizing tiie extent of the 
5 washing step. Oflier methods of removing non-spedfically bound material may be used, e.g. 
^Kcation of electric or magnetic fields, raising tiie temperature, etc. 

In a next optional step the surfece 51a may be rinsed again to replace the 
san?>le liquid 55 or tiie washing solution witii a measurement solution. The measurement 
solution may comprise certain salt type and concentration, certain buffer salts, e.g. large 
0 zwitterions, sugars, detergents, etc. 

A step of assaying fhe surfece 51a for tiie presence of flie analyte 56 m^ be 
performed sequentiafly or simultaneously during any of tiie preceding optional steps. 

The steps of assaying tiie conductive surfece 51a before and/or after ejiposmg 
to flie sample liquid 55 may be performed according to tiie following steps. In a first step an 
alternating electrical field is appUed, by flying a voltage between tiie conductive surfece 
51a wifli immobilized afBnity probes 52 and tiie conductive surfece 51b. 

The fiequency of tiie ^lied attemating electrical field may lie between lO'^ 
and 10^2 Hz, but to enhance surfece sensitivity, preferably Ues between lO'^ and 10^ Hz, more 
piefeiably lies between 10^ and lO*' Hz, and most preferably lies between 10 =^ and 10=^ Hz. 
The ampUtude of tiie ^fied alternating dectiical field may preferably be between 0 and 10 
V, more preferably between 0.001 and 1 V, and most preferably may be between 0.01 and 



0.2 V. 



Then, fee wHtude and phase of a r«ulting alternating ci^ 

From tiie amplitude and phase of said alternating current, infonnation may be obtained 
pertaining to flie dielectric properties of flie material under analysis, such as its dielectric 
constant or impedance. From flie component of flie current fliat is in phase wifli flie voltage 
flie conductive part of flie dielectric constant maybe deduced, while fiom flie conqxment of 
flie current fliat is out of phase wifli flie electtical field, flie c^acitive part of flie dielectric 
constant may be obtained. From flie current signal, many oflier quantities m^ be obtained, 
such as the ci^pacitance andthe inqiedance. 

Optionally, flie steps of flying an electaica] field and measuring anqilrtude 
and phase of a resulting current m^ be repeated ^e varying tiie fiequency in order to 
obtain a dielectric spectrum, flirough which flie amount of information fliat can be obtained 
may be increased. 
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a next optional step. Hie fiaegoing steps may be repeated while varying one 
or more parameters, such as e.g. flie tenq?erature or the conqHwilion of Ihe washing or 

measurem^t solutiotis. 

Next, a step of coi^paring, sequaitiaUy or simultaneously during any of tiie 
5 preceding steps, the ampUtude and phase of the alternating current, or quantities or values 
calculated fliere-fiom, after ejqwsure of the conductive surfece 51a to the analyte 56 wilh Ae 
amplitude and phase of a reference signal. For the comparison a single measurement may be 
used, but also a set of measurements and conq?lete ftequency spectra. 

The reference signal may be determined in difBerent ways. In one embodiment, 
1 0 ibo reference signal may be a caKhiation signal which may be obtained before and 
independent of perfonning the measurement with the sensor device 50 at a con^ 

substrate similar to the conductive surfece 51a. 

In anoflier embodhnent, flie reference signal is obtained inihe sensor device 

50 at Ihe conductive surfece 51a before ei^osmg flie device 50 to tiie sample Kquid 55. 
15 In a ftutherembodimentimsteadofusmg for a comparison the assessment of 

Ihe same conductive surfece 51abefore association of the analyte 56 with the aCBnity probe 
52, tiie assessment of the oflier conductive surfece 51b that was not e3q)osed to the analyte 56 
may be used. 

From the change in ampKtude and phase of the alternating current, or any 
20 value dfflived thereof after association ofthe analyte 56 with the target-specific afBnity 

probe 52, the presence of the analyte 5 6 can be deduced. Furthermore, the amount of analyte 

55^^^ be determined qualitatively or tiie number of analyte 56 units may be 

detePUined in a qyiantitative„inann^a._ . - . - - 

For accurate compaiison of flie spech» before, during and after binding it is 
25 hiqwrtantlo use data obtainedm Ihe same measurement solution, wMchrequ^ 

Steps. The salt ooncenHation of the measurement sohition may be checked using the dielecttic 
spectra at other Cpreferably hi^er) ftequendes and can be used as a control for tiie extent of 
Ihe washing step, and tiius the accuracy of tiie analyte 56 concentration determmation. 

Additionally or alternatively, correction for remammg salts not washed away 
30 in tiie development procedure may be achieved by ^Hcation of measurements at oflier 
ftequendes m the dielecttic spectaun tiian those used for analyte 56 detection. 

In another embodiment of tiie invention, tiie mefliod of tiie mvention may be 
used to detect multiple targets. This may be achieved by placmg multiple conductive surfeces 
^1 « 51b. each on which different target-specific afiHnity probes 52 are hnmobilized, at a. 
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certain distance and exposing them at the same time to one and the same vohime of san^le 
Hquid 55. The conductive surfeces m^ the be assessed before and after eiqiosore to tiie 
sample liquid 55 either in parallel or sequentially. In tiiat way, it is possible to analyse san^le 
liquids 55 fliat con^e different analytes 56 with one measurement usmg fb& device 50 of 
the present invention. 

In a specific exanq>Ie, the device 50 of tiie present invention is ^Hed to 
investigate a sample Hquid 55 comprising 1 picomolar (pM) CQncenHation of von TlWllebiand 
FaclOT (vWF), yMdi is a blood clotting substance, as an analyte 56 in l OmM phosphate 
buffer. The conductive sur&ces (51a, 51b) are mterdigitated gold electrodes on which 
different self assembled monolayers (SAMs) were formed on which anti-vWF antibodies 
were immobilized. 

Firsts in Fig. 5 the real or capadtive part of the dielectric constant is plotted as 
a function of frequency for MilHQ (deionised water) and 10 mM phosphate bu^, m order to 
show tiie change with fiequency when measuring in the bulk or closer to tiie sur&ce of 
interdigitated gold electrodes with a spacing of 10 micrometers. At low fiequendes more 
ions are in the bulk of tiie sample Hquid. Hence, tiie electric double l^er becomes timmer 
and flie capacity becomes higher. In Fig. 5 it can be seen tiiat at lower fiequendes tiie 
csq>acitive part of tiie dieledric constant is hi^er tiiat at high fiequendes. In tiie MiffiQ 
solution, less ions are present and hence tiie capadtive part of tiie dielectric constant is hi^er 
flian at tiie same fiequency in tiie phosphate bufier solution. Fig. 6 shows tiie imaginary or 
conductive part of the dielectric constant 



In Fig. 7 a Cole-C!ole plot of tiie sensor is shownafter multiple mjections of 1 
pM con<»ntrati<m of yWF m lO.mM phpsphate buffer. Different injections are performed 
witiim a time period of 20 minutes. Between each mjection tiie sensor is treated witii a 
washmg sohition. The figure shows tiie conductive part of tiie dielectric constant as a ' 
fimction of the c^acitive part 

Figures 8 to 1 1 illustrate tiiat it is possible to detect an analyte in a sample 
Hquid by flying flie device and metiiod of flie present invention. In Fig. 8 and 9 the 
mterdigitated gold electrodes are covered wifli a SAM of acetylcysteine. Measurements are 
performed at a fiequency of0.1 Hz. Fig. lOandll show resuhs obtained at mterdigitated 
gold dedrodes wMch are covered wifli a SAM of meicaptohexadecanoic add. Again, 
measurements are performed at 0.1 Hz. 

Figures 12 and 13 resp. show tiie capadtive and conductive part of the 
dielectric const ant as a fimction of total incubation time measured at interdigitated gold 
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electrodes wWch canqnise immobilized with anti-vWF (yspp&c curve) or wifli anti-IFNgamma 
(lower curve). Anti-IFNgamma is non-spedfic for vWF. From this i^ts it becomes clem 
that at least part of the signal is specific if the results firan Fig. 8 to 1 1 are compared with flie 
detection of non-spedfic binding of a 1 pM concentration of vWF on a SAM on which anti- 
interferon ^mma antibody is immobilized. The difference between tiie upper and lower 
curve in Fig. 12 and 13 represents the specific part of the signal 

With the method and device 50 of the present invention, analytes 56 which 
have to be determined do not have to be labelled, as is the case m the pribr art Hereto the 
fiequendes used fbr detection are chosen so as to detect interactions -at the sur&ce S la or in 
tiie dielectric inter&ce fixnned at the sur&ce 51a. The impact of constituents in tiie sample 
liquid 55 consequenffy is strongly diminisdied, resulting in drastic improvement of the 
sensitivity (tiirou^ reduction of interfering badsgcound signals) and of the spedfidly of the 
detection method. To increase the reliability of the quantitative measurement of an analyte 56 
concentration, redundancy niay be build in Iqr usmg more than one seiisor device 50 fiw ^ 

same analyte 56. 

It is inqjortant to be noted that the method and device 50 of the iMBsent 
invention may not only be used for the measurement of biomolecules or complexes of 
molecules in an aqueous solution, but may also be ^lied for the detection of any otiier 
molecule or coinplex of molecules in any oflier kind of solution. 

It is to be undeistood fliat althougfh preferred embodiments, specific 
constructions and configurations, as well as materials, have been discussed herein for devices 
according to the present invention, various changes or modifications in form and detail may 
be ^»a^^ft without d^artingjpom the jscope and.qxhit of ^s inventiQn. 
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CXAIMS: 



1. A device (50) for label-fiee detection of an analyte (56) in a sample liquid 
(55), the device (50) conqnising : 

_ at least two conductive surfeces (51a, 51b), at least one of Ute conductive surfeces (51a, 
51b) comprising immobilized target-specific affinity probes (52), and 
- means for providing an electrical field with a fiiequency between 10"^ and 10* Hz between 
fbB two c(MiduGtive sui&ces (51a, 51b). 

2. A device (50) according to claim 1 , furthermore conqnising a measuring 
means for measuring anqplitude and phase of a first alternating current flowing between a 
first conductive surfitt» with immobilized target-q)ecific afiBnily probes a^^ 

conductive sur&ce. 

3. A device (50) according to claim 2, furthermore coii]prisu% a con^E^^ 
omrqiaiing amplitude andpbase of the first attemating current with anoplitude and phase of a 
TsEexeaaoe signal. 

A^device-(5a)-accoiding-to-ariy-ofAe4»Eevious-clainis,-conqp^^ 

and a second conductive surface (51b), said first conductive surfiace (51a) comprising 
immobilized target-specific afBnity pcob^ (52) at at least one side. • 

5, A device (50) according to any of the previous claims, wherein said first (51a) 

and said second conductive sur&ce (51b) are positioned substantially.parallel to each other, 
tiie or a side immobilized wifli target-specific probes (52) feeing said second conductive 
surfiice (51b). 

5_ A device (50) according to claim 4 or 5, wherem at least part of conductive 

sur&ce (51a) interdigitates with at least part of tiie conductive surfece (51b). 
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7. A device (50) according to any ofihe previous claims, whes^ 

(56) is selected from the group consisting of a pqrtide, piotem, antibocfy or a fiagment 
thereof enzyme, polynucleotide, oKgonucleotide, caibol^diate, lipid, metabolite, cofictor, 
honnone, cytokine, cell, microorganism, virus, drag, pesticide, herbicide, fungicide, torin, 
vitamm or any oflier small molecule or a combmation of tiie afiuementioned, for example a 
peptide comprising one or more carbohydrate groups or an enzyme wifli a bound co&ctor. 

8. A device (50) according to aigroffhe previous claims, wherein the sample 
liquid (55) is selected fixmi a group consisting of an analytical solution, a bodily fluid such as 
blood, plasma, serum, urine, saliva, lung fluid or cerebrospinal fluid, a ceU extract, waste 
water, any fluid in industiial processing, milk, drinking water, surfece water or any other 
food product or solution thereof 



9. A device (50) accordmg to any of tiie previous claims, wherem the target- 

specific affinity probe (52) is selected fiom a group consisting of a peptide, protein, antibody 
or a fiagment tiiereo^ enzyme, polynucleotide, oKgonucleotide, ^»tamer, carbohydrate, 
oKgosacciharide, lipid, metaboUte, cofector, hormone, cytokme, cell, microorganism, virus, 
drug, pesticide, herbicide, fungicide, toxin, vitamm or any other small molecule or a 
combination of tiie aforementioned, for example a peptide conqirismg one or more 
carbohydrate groups, an enzyme witii abound cofictor or a multimeric protem. 



1®- A method fiar label-fiee detection of an analyte (56) in a sanqile liquid (55), 

the. method Qomprising : 

-exposing at least one conductive surfece (51a, 51b) witii at least one target-specific affinity 
probe (52) unmobilized tiiereon to a sample Hquid (55) to allow association between said 
analyte (56) in said sample liquid (55) and at least one target-specific affinity probe (52), 
- assaying said at least one conductive surfece (51a,51b) for tiie presence of tiie associated 
analyte (56), said assaying conqnising : 

- flying an aUemating electrical field between a first of at least one 
conductive surfece (51a) and a second conductive surfitce (51b) tiius generatiiig a first 
alternating current flowmg between said first (51a) and said second conductive surfece (51b), 
the ^hed electiical field having a fiiequency between 10^ and 10* Bz, 

-measuring an electrical properQrofsaid first alt^nating current, ■ 
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- conqiarmg, sequentially or simultaiieously during any of the preceding steps flie measured 
electrical properly of said first alternating cunent with an electrical property of aieference 
signal, thus generating a comparison result, 

- deteraiining from tiie comparison result whether analyte (56) has associated with at least 
5 one of tibe tar^-specific afBnity probes (52). 

11. A method accoiding to claim 10, wherein flie comparing step includes 
cooatparing 

aaq>]itude and phase of said first alternating current wifli an^Utude and phase 
10 of the reference signaL 

12. A method according to claim 10 or 1 1, wherein fbs electrical field has a 
firequency between 10'^ and itf* ffie. 

15 13 A method according to any of claims 10 to 12, wherem said second conductive 

surfece (51b) conq»rises the same target-specific a£5ni1y probes (52) as the first conductive 
suc&ce (51a). 

14. A method according to axxy of claims 10 to 13, wherein said reference signal is 

20 a caKbtation signal independenfly obtained usmg a conductive surface similar 

one conductive surfece (51a, 51b) without hicubation of an analyte (56). 



15. . . A metibiod according tp any of.claims 10 to 14,.the method fiirthemiore „ - 
comprising assaying said at least one conductive surfece (51a, 51b) at which at least one 

25 target-specific afiBnity probe (52) is immobilized before ej^josing to the Kquid saxapie (55), 
resulting in second alternating current 

16. A method according to claim 15, wherdn said reference signal is said second 
alternating current 



30 



17 A method according to any of claims 10 to 16, fiirthermore comprising 

removing the sample liquid (55). 
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18. A method according to any ofclaims 10 to 17, 

the conductive surfece (51a, 51b) witii a washing solution to remove material that is : 
specificaDy bound to an immobilized target-spedfic aflSnily piobe (52). 



inom- 



19. A method accoiding to any of claims 10 to 18, fiirthemiore con5)rising rinsing 
the conductive sm&ce (51a, 51b) to i^lace the sample liquid (55) or tiie washing solution 
with a measurement solution. 

20. A method according to any of claims 10 to 19, wherein flying an electrical 
field between the first conductive surfece (51a) with at least one nnmobilized target-specific 
affinity probe (52) and the second conductive surfece (51a, 51b) and measuring ampHtude 
and phase of a first alternating current are repeated while varying the fiequency of the 
alteroating electrical field in order to obtain a dielectric spectrum. 

21. A method according to claim 20, furthermore comprising varymgtenqjerature 
and/or ccm^ositionof the washing or measurement solution. 



22. ^™e*^a«»nJi»gtoaiQrofcIaimsl0to21,wherem 
a {»t of n^asurements or frequency spectra. 
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ABSTRACT: 



The invention provides a method and device for label-fiee detection of 
biomolecules or analytes in a sample liquid. The mefliod comprise the steps of aUowing an 
analyte to bind to one of at least two conductive surfeces. An alternating electrical field 
between at least two conductive surfaces. An^Utude and phase of an alternating current, 
flowing between tiie at least two conductive surfeces are compared witii amplitude and phase 
of a reference signal. From tiie difference between botii currents it is possible to determine 
whether an analyte is present at the conductive surfece. 
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C16-SAM, vWF detection 
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C16-SAM. vWF detection 
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AC-SAM, vWF detection 
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